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On the Integral Field Spectroscopy as a

promissory technique in Remote Sensing
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The Integral Field Spectroscopy - IFS has emerged as a powerful technique in modern astronomy, offering simulta-
neous spatial and spectral information of celestial objects, showing remarkable potential as a technique for remote
sensing applications. In this document, We will give a comprehensive review of the state-of-the-art advancements in
IFS instrumentation, data processing, and scientific applications, discussing its fundamental principles, highlighting

key instruments and their capabilities, exploring cutting-edge data analysis techniques, and showcase the scientific
breakthroughs enabled by IFS across various fields of astrophysics and observational cosmology. Therefore, We will
examine how IFS could be used in remote sensing, showing the advantages of this technology over traditional remote
sensing techniques, exploring recent advancements in this field, and showing the advantages to incorporate Integral
Field spectrographs to the optical systems that are part of the Earth, Moon and Planets observation Satellites.
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Integral Field Spectroscopy-IFS

pixel - a datapoint on a CCD
spaxel - a spectrum in a datacube
voxel - a datapoint in a datacube
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Schematic definition of the Integral Field Spectroscopy-IFS jargon

shown on the MUSE-VLT MACS 1206 datacube.
Am‘"rr\wd — 7323.?5[\.

The data slice has taken at

MUSE-VLT Datacubes

The Multi Unit Spectroscopic Explorer - MUSE is an Integral-Field Spectrograph
as a part of the second generation instruments at VLT [235, 236, 237, 228| with a
estimated cost of 21M€[238]. It was developed to have 24 Image slicers [239], 24
Spectrographs ® and, 24 red sensitives CCDs ((4k)?)® as a detectors, being part
of an optical design that define each one of the 24 identical Integral Field Units
(IFUs) of this instrument. (see Fig. 2.8 ).

The MUSE data product is a data cube with spectral resolving power R ( A*A)
of 1770 at 4800A and 3590 at 9300A giving a ~ 2.3A of spectral resolution in all
spectral range (4750A - 9350A ) [242, 243), spectral sampling of 1.25A /pixel &
spatial pixel scale of 0.2”/pixel [244], and Field of View (WFM)” of 1'x 1".

1
L

Figure 2.8. Schematic description of an Integral Field Unit (IFU) in the MUSE
instrument. In dashed blue line is showing the spectrograph components. [39]

5Composed of a collimator, a Volume Phase Holographic Grating-VPHG (KOSI) [240] and, a
Camera é [39]

9The detectors used are deep depletion CCD231-84 (e2v) with 4096x4112 active 15 um pixels.
[241)

“In Wide Field Mode (WFM), MUSE splits a field of 1 arcmin® into 24 channels wich are
further sliced into 48 minislits. [39]
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Spectrograph (Schematic view)

Spectra

microlenses at the
entrance, and arranged
in line at the output

Optical Grating

\ -
Slitlet with 20 fibers

(a) Operation of IFU, image taken from ESO|[20]




Two dimensional onginal on-sky image

Optical slicing of the on-sky image
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(b) The Principle of Integral Field Spectroscopy (IFS) image-slicing [20]



Figure 3: Description of the Data Cubes in IFS. [46]
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Figure 4: Schematic of the three main types of integral field spectrographs [34].



Figure 6: Information of current and upcoming Integral Field Spectrographs [29].
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article by K.E. Harborne et al [18] .






HST photometric identified objects (834) in the MUSE FoV
of MACS 1206.
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Espectroradiometria

Factores a tener en cuenta
. para la espectroradlo otyria

Los paneles de referencia Espectralon es un estandar OpthO
que se utiliza como un sustituto de la irradiancia global
incidente (Kimes y Kirshner 1982 en Rollin et al 1995,
1997, 1998, 2000).

Esto supone que las geometrias de visualizacién e
iluminacién son exactamente las mismas para el objetivo y
el panel de referencia.




Fundamentos de Espectroradiometrnia

FIRMAS
ESPECTRALES

Firma espectral es la medida
cuantitativa de las propiedades
espectrales de un objeto en una o
varias bandas espectrales. También
se la conoce como comportamiento
espectral
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Hyperspectral Imaging Technology

Components of Spectrum

Hyperspectral imaging

measures the spectrum

Reflectance




1.3. Equipos del Laboratorio

 ;ESPECTROMETRO
OPTICO? es un
instrumento que
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electromagnético.
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Ortoimagen Urbana. Municipio de Puerto @
Lopez, Meta. Resolucion 20 cm

Entidad: Instituto Geograhco Agustin Codazzi - IGAC
Resumen

La ortoimagen del mumnicipio de Puerto Lopez (Meta)
elaborada en el ano 2023 por el Instituto Geografico Agustin
Codazzi (IGAC), es un producto compuesto de imagenes
ortorrectificadas en el cual se han efectuado procesos de
balance radiométrico y edicion de lineas de costura para
garantizar su continuidad. Generado a partir de imagenes
capturadas con el sensor Vexcel Eagle Mark 3 en toma del 30
de junio de 2023, representa un area de 974 61 Ha cubriendo
totalmente el centro poblado del municipio

Nivel de detalle: 20 cm
Fecha: 2010-2023

Licencia: CCBY 4.0
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Medicion de las firmas espectrales de Cubiertas en Puerto Lopez
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Integral Field Spectroscopy in Remote Sensing
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Figure 1: Large language models(LLM) Pathfinder tool, extracting data set papers for the prompt " Inte-
gral Field Spectroscopy in Remote Sensing” using Semantic- HyDe-CoHere methods.



IFS in Remote Sensing

IFS has diverse applications in remote sensing, including land cover classification, vegetation monitoring,
atmospheric studies, and urban mapping and present advantages over traditional remote sensing tech-
niques [31], such as its ability to capture fine spatial details, differentiate between spectrally similar materi-
als, and characterize complex spectral signatures[35]. However, we also address challenges, including data
volume, computational requirements, and instrument complexity, and it is necessary advancements in in-
strumentation, data processing algorithms, and integration with emerging technologies such as unmanned
aerial vehicles (UAVs) and satellite constellations[5][22]. There is a potential for the utilization of these
techniques in Earth observation range from monitoring for security through the detection of structures
beneath the ground, to environmental applications such as monitoring chemical agents in the atmosphere.

Within the possible applications of Earth observation with IF'S, cases of remote sensing studies of under-
ground military targets have been recorded, which are detected through spectroscopic measurements. In
this case, it is noted that the methodology of this application varies locally since Vegetation Indices and
Crop Height indices must be determined[32].The development of image slicer techniques aims to create
more powerful instruments to achieve higher resolution and sensitivity in data collection. This technology
is intended to be applied to Earth observation using sensors to monitor various chemical agents such as
CO2, utilizing short-wave infrared.[15]



The use of remote sensing also has important applications in soil chemical determination. For exam-
ple in [1] a practical case is presented where field spectroscopy integrated with GIS determines crucial
parameters of soil erosion in the Mediterranean. An example of a direct application of IFUs is DESIS,
launched in 2018 as part of the MUSE instrument, located on the International Space Station (ISS)
and taking approximately 5-6 days to orbit Earth. DESIS is a hyperspectral instrument with a maxi-
mum resolution of 30m and a spectral range between 400nm and 1000nm. The instrument is equipped
with a steering mirror for Bidirectional Reflectance and Distribution Function (BRDF) measurements|21].

One of the possible uses of employing IF'S for the creation of spectroscopy images is to use libraries to
match absorption signatures in biomaterials[1][49].Planetary surfaces are complex, with Earth’s surface
being the most varied in our solar system due to its diverse geology, oceans, ice caps, abundant life, and
human influences[38]. Other planets feature different geologies and surface compositions. To understand
Earth and other planets, scientists create maps of materials and other measurable quantities. Earth
surface maps cover themes such as geology, ecosystems, environmental issues, hazards, land management,
and global change[24] [18]. Geologic maps reveal formations, soils, mineral occurrences, faults, and
building materials. Ecosystem maps detail habitats, vegetation, and riparian zones. Environmental maps
address issues like acid rock drainage, oil spills, forest fire potential, and water quality. Hazard maps show



In the context of greenhouse gases,the remote sensing typically involves the use of satellite or aerial
sensors to detect and measure gas concentrations in the atmosphere[9].A possible application of IF'S is the
chemical characterization of greenhouse gases in coral reef marine ecosystems. The following work presents
an analysis of how hyperspectral imaging is used to determine the effect of greenhouse gas emissions on this
ecosystem[14|n this same field, atmospheric signatures related to greenhouse gas emissions are developed.
This is an activity that astronomers have already conducted and can be a direct application of IF'S [43][10].

6 Concluding Remarks

In conclusion, Integral Field Spectroscopy continues to play a pivotal role in advancing our understanding
of the Universe. With state-of-the-art instruments, advanced data analysis techniques, and innovative
scientific applications, IFS remains at the forefront of observational astronomy. As we look towards the
future, continued technological developments and interdisciplinary collaborations will further expand the
capabilities of IF'S and unlock new discoveries about the cosmos.

Integral Field Spectroscopy holds great promise as a technique for remote sensing applications, offering
unparalleled capabilities for capturing spatially and spectrally rich datasets. With continued advance-
ments in instrumentation and data analysis techniques, IF'S is called to become an indispensable tool for
monitoring and understanding Earth’s environment. Now a challenge brought by the new applications of
IF'S for remote sensing lies in data interpretation and the statistical interpretation of this data. Therefore,
emphasis must be placed on the development of computational tools for processing these in the context
of Earth observation.
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